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Among the materials preparaed from BSH9 are
S(Q‘CAHS)Z, P(CGH5)3), niQQ-S,S-(CHS)z-S,S—CZBBH1° and
nidQ—CsH13(H)-5,S-CZBBHIO).

An iodide complex of BlOH14' [310H14I]- has been prepared and
studied in detail. It is a remarkably stable species. The X-ray
cxystal structure of the [2,4-12810H121]' has been determined. The
structure reveals that the I ion interacts with the open end of

the 310 molecule and effectively rests upon the bridging H atoms.

The structure of the [BZH7]- has been determined by X-ray and
neutron diffraction studies. The anion has a bent 3-center
hydrogen bridge bond which is of interest since prior theoretical
work predicted that the ion would be linear.

A new, simple preparation of 35“11 is described. Reduction of BSHS
by alkali metal napthalides and subsequent protopation by HCl has
produced BSH11 in 22% yield.

OQur earlier development of a simple, safe, and high yieald
synthesis of B4H1° has made available potentially coavenient

with
suitable transition metal complexes. Thaese possibilities have been

routes to metallapentaboranes through the reaction of [B4H9]-

pursued as adjuncts to our boron hydride syntheses. The following

metallapentaboranes have been praepared and characterized.

T1rh8-CaHg) (CO) IP(CH) 03,2, INE (h3-B Hg) L(CH,P(Cghg) 13y,
4Hg) {P(CgHg) 33;], and [Rn(n®

3
(Cu(h™-B —Bqﬂe)H{P(CEHS)B}Z].
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‘j:f_:}. e Over the past three years, under ARO support, the principal
1f~;3, objective of this program has been to fully develop and to extend 7
‘ }ou éarlier work on the conversion of pentaborane(9), BSHQ‘, to “i
::, potentially usaeful higher boron hydride systems. The existence of 3
:'E' a large quantity of BsHé‘ in U. S. government storage provided the {
& '_' impetus fof ?fjf Zvc:x:: On the whola, this objective has been P
- achieved. Heheve—nmade significant improvements over enr earlier &
:'._\ synthesis of decaborane(14), 310’*1 3’ }lzg:.l}' ) efr¢:>m the stand point of ;.,
;’; yield and safety. Furthermore, we—heve demonstrated that B".;l-l9 can ‘}
*‘I be converted to a number of higher boro?n hydride species through R
’- ,cho-pot'}’ /procedurcs which give yields of products, in general,
equivalent to or better than obtained by other methods. Thus, BgHé" e
:_ in storage is a potential feedstock for these materials. .t:.
> K
In addition g;”,‘\';i'ov. efforts, during the grant period *...}:: ken e
.t:; “- undertook studies of the general chemistry of borxon hydrxagﬂ and d ’:_
.:; g report some interesting new dev.lopmcntse.. Sre sy»rf 4, 3
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AN INPROVED SYNTHESIS OF DECABORANE(14) AND THE
APPLICATION OF
PENTABORANE(9) AS A FEEDSTOCK FOR HIGHER BORON HYDRIDE
SYSTEMS

TV v e
PR A OE AL

Our earlier synthesis of 31°H14 (Technical Report III
"Studies on the Conversion of Pentaborane(9) to Decaborane(14)")
has been evaluated in a report by Raymond A. Freeman, CPT.EN. USAR
to ARO "Production of Decaborane from Pentaborane®, August 1983.
We were able to respond positively to questions raised in this
evaluation. These questions are concerned with the possibility
of replacing THF with a solvent of higher flash point and the
possibility of extracting 31°H14 from the reaction mixture rather
than subliming it from the mixture. We were able to modify our
procedure, giving a significantly improved and safer synthesis.
These modifications are described in detail in our Technical
Report Part IV "Studies on the Conversion of Pentaborane(9) to
Decaborane(14)", Marxch 24, 1984 and in our Progress Report for the
period July 1, 1984 -~ December 31, 1984. Our revised procedure
consistently gives yields of 50-38% compared to consistent yields
of 42-45% yields which were obtained earlier.

RN LA

BPRNt ) IRRRAPUS | =BNADONE. |/,

R |

The principal new features of our procedure are: 1. Glyme has
a higher flash point than THF and rxeplaces THF in the current
prxocedure. 2. The ratio of reactants BSHSINaH has been reduced
from 2.0/1.0 %0 1.8/1.0 thereby conserving B5 9° 3. The
sublimation procedure used to isolate B1°H14 has been modified. It
was found that high quality BIOHIA (*30% yield) can be isolated
from the reaction mixture if the sublimation is carried out at
40-45°C under vacuum (<10°
technique reported earlier gives higher yields (~60%), but the
product is not as pure as that obtained by the milder sublimation
procedure. The necessary purification step required to obtain

ONRAIIOR |35

’

.

mmHg). The more vigorous sublimation

*r;r v

f'fv k)

810H14 of equivalent quality to that obtained from the milder
sublimation procedure gives a final yield of 350 - S55%x.
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4. An alternative route to isolating 51°H14 from the reaction
mixture has been developed. In addition to the sublimation route
used previously, it was also possible to isolate B, . H in about

10714

90X yield by extracting it in (ngQHS)ZO. This procedure is
advantageous in that the extract can be used directly in the

preparation of n-hexylcarborane.

In the course of developing the preparation of BIOH14' it
became clear to us that other higher boron hydride species,
potentially useful materials, could also be produced from BSHS'
which is an attractive possiblity in view the fact that an
appreciable amount of BSH9 is currently stockpiled by the U. 8.
Government. The principal results of this effort are detailed in
our Technical Report V "Pentaborane(9) as a Feedstock for the
Preparation of Higher Boron Hydride Systems", September 15, 1984.
Subsequent to this report we extended our efforts to the
preparation of an icosahedral carborane 1,2—(CH3)2-1,2-C281°H1°
from BSHS as a starting material. The procedure is described in
our Progress Report foxr the period July 1, 1984 - December 31,
1984.

Scheme I indicates the variety of materials we have obtained
from BSH9 as the starting point. Note that the key factor in all
of these syntheses is the initial preparation of tBSHI‘JI-,

generated as an intermediate, from BSHS without the necessity of

isoclating it. It is of some interest that one of advantages of the
syntheses outlined in Scheme I is that 81°H14 is not required in
order to obtain BSH13L or gralasz. Earlier procedures from other

laboratories first converted 310814 to [39H14] 10: other 81°H14

derivatives which were then converted %o BBHISL and

anIBszl"lb'z. Earlier proceduxes for obtaining the carborane

RzCzBaﬂlo3 involved the rare boron hydride Baﬁlza or degradation

of higher carborxanes obtained from 81°H14. The procedures

developed, for the most part, are "one-pot"” syntheses and the
vields of products; in general are egquivalent to or exceed yields
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e of these materials prepared by other methods.
fg In order to maximize yields of products outlined in Scheme I,
- the conversion of BgH to [Bgﬂlql- was studied in detail as a
h“ {

I function of mole rato of reactants, reaction time, and temperature
. using boron-11 NMR spectroscopy Yo monitor the reaction. The
,:j optimum ratio of reactants was found to be 1.8 BSHBII NaH. Listed
e, S 4
jﬁ below are yields of products obtained from [39H14] prepared from
WX reactants in this mole ratio.

_ff Compound Yield based upon 85H9
;. BSH135(C2H5)z 80%

o 89H138(0H3)2 78%

o BS“lSS(CSHS)Z 80%

; 39H13P(C5H5)3 82%

" 3-B, H 39%
. B, Py 5o - sex”
- 10714
;;( ‘giggrs,5—(CH3)2-5,6-CZBBH1° 39%
.~ 1,
1 x 2

af *Yield depends upon method of isolation
‘iﬁ **Mixture of isomers
N'.
fh
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ke AN IODIDE COMPLEX OF 31°H14, [BloHI‘I]

®

;: We found that 319H14 reacts with+iodidc :alts of complex

33 cations ([N(ngQHS)QJ-, [P(C5H5)3CH3] : [PPN]") to form the

; complaex ion [BIOH14IJ .

R _ )

; BloHl4 + I [310H14I]

> Decaborane(l4) reacts with iodide salts of the complex cations

o shown above upon mixing the reactants, and the addition of THF or

;% CHZCJ.2 results in the formation of deep yellow sdlutions. Boromn-11

- and proton NMR solution spectra show that although the apparent

' c2v symmetry of the BI‘O framewoxk is preserved, the chemical

- shifts of the 6,9 boron atoms and the bridging protons are
markedly perturbed by the presence of I~ . The solution Raman
spectrum of the complex also shows a marked perturbation of the
bridge stretching frequencies.

: The so0lid salts of the tBlOHIAI]- ion cannot be prepared with

- alkali metal iodides, but with the complex cations shown above the

‘ salts are remarkably stable. Thus, decaborane(14) is volatile at

N room temperature, but cannot be sublimed away from

_ [N(a-C Hg) ;1B jH, ;I at 95°C. under vacuum (10™> mm Hg). The

?f formula of the [810H14I]- ion in CHzC.Iz solution was established

- by observing the absorption maximum (355 nm) while performing

- Job’s continuous variations experiments. From these experiments

) the equilibrium constant for the formation of

: [N(ng4H9)4][81°H14I] is 127 at 268°K.

! -

5 While X-ray structures of salts of the [81°H14IJ ion could

; not be determined because of disorder, the X-ray structure of

f: [P(Csﬂs)acHal[2,4-1281°H1ZI] was determined and the structure of

ol the [(2,4-1,B,,H,,I] ion is shown below. This structure reveals

f that the I~ ion interacts with the open-end of the 310 molecule

2 and effectively rests upon the bridging H atoms. The solution

SR

N % 5 L ) Wt 30 At S N I G o SN o e Ay N R R A 3 3 S A, X X
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spectra, Raman and NMR, are consistent with the solid state
structure.

Structure of £2,4-IZB

10H121)

A NEW PREPARATION OF PENTABORANE(11), BSHII

Earlier work from this laboratory described the preparation
of BSH114's through a hydride abstraction reaction. At the time
that syathesis was reportcd4'5, it was by far the best and most
convenient method for obtaining this once rare boron hydride. In
the course of studying the reduction of boron hydrides with alkali
metal reducing agents in the presence of an elactron carrier, we
have developed a new and what promises to be a more convenient
synthesis for BSH11 than previously available. We find that BSH9
is reduced by potassium napthalide and also by cesium napthalide
ia THF to give what appears to be the cesium and potassium salts
of the [BSHSJZ- ion. Treatment of these salts with HCl gives

BSHII' Yields of the order of 22% BSH1, have been obtained to
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date. While 60% yields of BSH11 were obtained by our earlier
procedure, the present procedure is much simpler and with further
study will probably give significantly larger yields.
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THE STRUCTURE OF THE [32H7] ION

P

In collaboration with Professor Robert Bau at the University
of Southern California the structure of the [BZH7]— ion as the
[PPN]+ salt was determined by X-rays and neutron diffraction7 and
is shown below. This anion has a bent (136(4)°) 3-center hydrogen
bridge bond which is of interest since prior theoretical work8
predicted that the ion would be linear. As a result of our study,
theoreticians have revised their calculations and now predictg
that the structure should be bent.
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Structure of [BZH7]
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N METALLA- DERIVATIVES OF TETRABORANE(10) ;
::::: N :::
;{ Our development ofArelatively simple, safe, and high yield E;
» synthosis of B4H10 has made available potentially convenient :

o routes to metallapentaboranes through the reaction of [BQHBJ- with E
:ﬁ suitable transition metal complexes. We have pursued these §

«e

possibilities as adjuncts to our boron hydride syntheses.

1
a
3
t t gl |
!
e

10

:";, ‘:l

o Although metallapentaboranes have been known for some years
they have, in general, been synthesized by indirect methods from
g@ either higher boron hydrides or borane anions other than [34H93-.

-y

N Furthermore, yields have usually been small. We have prepared in “%
o good yields irida, rhoda, nickla-, and cuprapontaboran0511 from ;:
‘i{ the reactions of complexes of the metals with the tB4H9]- ion. ﬁ,
o ' “ 6
! :-t Ircl(Cco) {P(CH3)ZC6H5}2] + K[ 54391 —— [Ix(n "Bbﬂg)(CO) {P3)ZC6HS}2] + KC1 t
!-} i\ X3
s | 3
i [RhC1{P(CgHs) 4} 3] + K[B Hg] — [Rh(n3~B Hg)H{P(CgHg) 3}5) + KCL + P(CgHs)y ;‘«;;
P D
&¢ :‘
_~; [NiBr,(dppe)] + K[B,Hg) ——> [N1Br[B,Hy) (dppe)) + KBr ‘;T
?; KH B
o TN
%. L__—p [Ni(nJ-Baﬂa)(dppe)] + Hy + KBr .
30 .
N [ !
> [CuCl{P(CgHs)4}3] + K[B Hg] ——> [Cu(n:’-a,.n,){r(csns):,}z) + KC1 + P(CcHg),4 e
> ¥
S o

BAY & T8 TP A TR
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The compounds pepared in the above reactions are unique, not 5

only because they are the first metallapentaboranes prepared from
[Bqﬂgl-r but also because the metals employed in the study bind to g
the 34 ligands in ways which differ somewhat from the bonding yt
exhibited in their complexes with other borane ligandslo. i
Each of the metallapentaboranes prepared has a different tg
molecular structure. The structure of '
[Ir(h®~B Hg) (CO){P(CHy) ;,CcHg),] was determined by X-ray N
diffraetian11 and is shown below. It is an open four-sided 5
pyramidal arrangement of an g;ggnggr[IrBAJ cluster. It is the E
structural analogue of Bsﬂll and it is also isocelectronic and 5
isostructural with the 1,3-butadiene-iridium complex N

4

[Ix(h —Cqﬂs)(CO){P(CH3)2C6H5}2]. F
N
8
S b
v &
N v
R
3t
3

},1
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5 :
g The structures of the rhoda, nickla,and cupra-complexes, shown o
- below have been inferred from boron-11 and proton NMR spectra. i
ﬂg While each complex is best described as a closed four-sided g
N pyramid, the structures proposed, (shown below) seem to differ in ]
35 detail. Thus CRh(hs-BAHB)H{P(CSHS)3}2] contains a B,yHg unit and a o

rhodium~hydrogen bond which is indicative of oxidative addition of ‘

_35 the [3489]- ion to the Rh atom in the synthetic reacton shown L
:E above. The complex ["i(hs-nqﬂa){(CHZ)P(CBHS)z}z] does have a B Hg g
L unit but no terminal nickel-hydrogen bond. Its synthesis depends -
o upon a strategy which involves a deprotonation step after the %
31 formation of an initial nickel-borane comple. The complex E
ﬁg ICu(ha-BqHs){P(CGHS)a}zJ appears to have two terminal hydrogens on SE
k< Lthe apical boron atom, an arrangement which is uncommon. -
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